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Abstract

Aircraft Maintenance Repair and Overhaul (MRO) corporations provide two types of service: light and heavy maintenance.
Typical MRO problems are related to scheduled and unscheduled aircraft maintenance because of the large number of
components and parts that need a lead-in time for delivery and the consequent scheduling of work. This paper focuses on the
significant causes of such problems affecting MRO operations. It addresses three major factors as follows: OEMs, Maintenance
schedule and manpower and turnaround time. By a systematic review and analysis of scientific literature sources, it is shown
that aviation industry standards do not permit aircraft to be scheduled unless they are maintained according to and comply
with the stringent standards related to airworthiness. What seems to be important is effective maintenance schedule planning
since this reduces time and cost, and enables aircraft to be maintained in a short time. Unfortunately, light maintenance remains
beyond the control of airlines because no time allowance is programmed into flight schedules for such events vs increase the

number of flight schedule per day.
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1. Introduction.

Maintenance, repair and overhaul (MRO) in the
aviation industry is a process with differing
requirements, defined by aircraft manufacturers and
airworthiness authorities to provide safety for airline
staff (stewards, pilots, etc.) and customers (i.e.
passengers). Airline companies spend billions of
dollars per year servicing their aircraft and in doing
so, engage the services of MRO companies to
provide a high standard of maintenance and service
that is also affordable. That is making MRO
companies increase their revenue up to 45% from
1990 to 2012 [1].

Original Equipment Manufacturers (OEMs)
supply spare parts to MRO companies for aircraft
servicing, and MRO organizations seek to achieve
an optimal balance among employees, machine
resources and maintenance components [2].
However, unexpected events such as aircraft
component failure lead to unscheduled maintenance
that requires the aircraft to stay longer on the ground,
increasing turnaround times [3].

Due to the nature and demand of their work,
MRO companies face challenges related to
scheduling, which can affect their operations, due
primarily to the large number of maintenance
checklists to complete every day. Although
guidance on maintenance schedules is normally
issued by the manufacturer, airline operators can

decide when aircraft go for maintenance checks.
This decision has prompted MRO companies to
amend their operational scheduling plan of aircraft
maintenance routing, which costs time for MRO
operators to build a new maintenance strategy. This
is a critical issue facing MRO operations as different
aircraft types require different checklists, making
the maintenance system harder to control, especially
for a number of maintenance operators who need to
service the aircraft. The core focus of this paper is to
investigate the most critical factors which have an
impact on MRO operation, by assessing how and
why these factors arise. The findings of this study
may help MRO companies develop their strategy to
more efficiently offer aircraft servicing without
delays.

2. Methodology

In the context of this paper, the meaning of
categorization refers to understanding the nature of
the business service; this method is built and based
on degree and type of change. It is through these
changes that the authors’ research will highlight a
gap in existing work in this field, which is a critical
element that effects service. In order to improve the
quality of the literature review, it is necessary to
analyze and evaluate different categories, since this
will identify similar findings in the same research
area. [4]. However, the use of different categories
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might affect the quality of research, particularly
when researchers are studying different elements in
the same field or area. Furthermore, different
authors have encountered similar finding by using
different methodologies, or various other tools [5].

The methodology of this study was to focus on
the titles and keywords that referred to MRO
operation. The initial phase focuses specifically on
gaining a contextual understanding of the literature
review, which has concluded that the major causes
of maintenance scheduling problems influencing
MRO companies include OEMs, Aircraft
maintenance schedule manpower and turnaround
time. The literature review conducted in this study
has focused on the titles and keywords that referred
to MRO operations. Fig. 1. shows the research
process.

« More than 222 papers linked to MRO organizations’ operations, which
included topics linked to hedul

* 104 relevant papers include aircraft hangar, spare parts, OEM,
safety, i routing and i time,

keywords

flight delays andmaintenance check.

« A final total of 52 relevant papers which were linked with highlighting
the major causes of maintenance scheduling problems

Fig. 1. Description of the major research process steps.

It was noted that some articles repeated the same
ideas and some wused ideas against safety
requirements. This led to a further narrowing of
articles to leave a final total of 52 relevant papers.
Specifically, 14 papers focused on OEM suppliers,
7 papers on manpower, 8 papers on flight delays, 15
papers on maintenance schedule and 8 papers on
turnaround time.

Firstly, MRO marketing had been studied by
authors to show MRO companies’ revenue, moving
on to aircraft maintenance checks. Based on a
revision of aircraft maintenance checks, the writers
determined those factors required for study. They
included OEMs, aircraft maintenance schedules, and
manpower and turnaround time. These factors
emerged from the findings of previous researchers
and the methodologies adopted by them to
determine aspects that significantly affect the
operation of MRO companies. Moreover,
comparing the different findings of the researchers
used in the review and their respective
methodologies in the same areas helped the authors
of this study determine the most common factors
which may affect the operations of MRO companies.
According to previous research conducted, the issue

of MRO companies’ operations was identified as a
very complex task because a total of five factors
showed in the literature review, all of which may
affect their operations. These factors were therefore
separated based on the relationship between them,
i.e. factors sharing the same area, same methods
used in the research study and by the number of
research findings mentioned by the researchers.

Fig. 2 shows the number of categorized papers
that list factors which affect MRO operation.

The number of papers that list factors which affect MRO

operation
2
OEM Manpower Flight delays. Maintenance Turnaround
suppliers Code#2 Code #3 schedule.  time. Code #5
Code#l Code #4

Fig. 2. Categorization of papers that study the factors that
influence MRO operations

Tab. 1 shows researchers’ methodology uses on their
studies in Fig. 2.

Table 1. Researchers” methodology uses on their studies

Factors Case Interviews Models  Simulation
study

#1 2 5 5 2

#2 1 3 2 0

#3 3 0 3 0

#4 3 2 11 3

#5 1 1 4 1

This methodology aims to present challenges for
MRO companies, which are considered in the next
section.

3. Scheduling Challenges within MRO
Operations.

This section discusses the challenges faced by MRO
companies in terms of how they service aircraft
during the maintenance period. These challenges
include OEMs, Aircraft maintenance schedule, and
manpower and turnaround time. A fishbone diagram
(Fig. 3) highlights the key issues faced by MRO
companies and provides the overall context for this
study, as well as the rationale for the research gap.
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Looking at Fig. 3, there are a number of major
problems that represent a challenge to the
maintenance schedule, which are considered in the
next four sub-sections.

MRO capacity .
Manpower (TO host aircraft) Turnaround time

Shift planning Alrorat hoage Time-scheduling
Exparience Parking Space Components delivery
pinianadiN e
=, Alrcraft types Flight delays
umbe o ibory, Satety standard I
— scheduling of MRO
o operations
Alrcrat components heck ABC.O Flight schedule
Supply chain I
Chients

Materials Maintenance MRO service

Fig. 3. Fishbone diagram summarizing the research findings

3.1. Original equipment manufacturer suppliers

The collaboration between MRO companies and
OEMs is robust; however, MRO companies
response can be directly affected by the availability
of spare parts and tools. They can also be affected
indirectly, for example, due to lack of heavy tools
(such as Aircraft Pushback) since each type of
aircraft requires a different, tailored, one [6].
However, when the OEM suppliers need to deliver
spare parts to MRO companies, the gaps in the
market for outsourced spare parts might encourage
counterfeit trade; a factor that inevitably affects
safety standards and demands within MRO
companies. It is clear therefore that any gaps in the
market between MRO and OEM companies may
unfortunately offer an opportunity to less scrupulous
suppliers involved in counterfeiting operations [7].

Another issue is the OEM organization system,
especially on supply chain. The supply chain for
OEM companies typically operates on an open
system, particularly when MRO companies or
airline operators are requesting spare parts based on
their own designs. For example, redesigning seat
buckles, resulting in more than 3 million liters of
fuel saving during the whole period of the aircraft’s
life [8]. However, MRO companies may wait around
a year to receive spare parts because the standard
lead time for creating spare parts is around six
months. That is making the aircraft takes space of
MRO companies which is causing a lack of space for
hosting a new aircraft and scheduling problem [9].
The assembly of aircraft spare parts itself is time
consuming due to the different stages involved in
this process. These stages can start with delivery of
the spare part components, moving on to testing and
part production which must be of a high quality and
to stringent safety standards. That is challenging
MRO companies to optimize spare parts inventory

management and reduce overheads [10]. On another
hand, Elements of aircraft maintenance such as
engines and landing gear are supplied by OEM
companies which operate under airplane assembly
manufacturers (such as Airbus and Boeing). The
challenge for the OEM organization, therefore, is
not solely concerned with the delivery of
maintenance equipment. Rather, they have to also be
mindful of their own performance and ability to
supply spare parts and materials on time without
delay [11]. This OEM organization presents
challenges for MRO companies that led authors to
study maintenance process through aircraft
maintenance schedule.

3.2. Aircraft maintenance schedule.

Generally, aircraft maintenance schedule is
divided into two types: natural and unnatural
maintenance  schedule. Natural maintenance
schedule refers to examining aircraft history, flight
cycles or flight hours. Table 2 gives an example of
natural maintenance schedule planed [12].

Table 2. Natural maintenance schedule planed [12].

Aircraft A- B- C-check D-
type check check check
B737- 275 825 18 MO 48 MO
500 FH FH
A320 600 825 18- 72 MO
FH FH 12MO/3000FC
ATR42- 300- 825 3000-4000FH 96 MO
300 500 FH
FH

Based on aircraft history, flight cycles or flight
hours, maintenance operators will organize aircraft
checks. In contrast, unnatural aircraft maintenance
checks refer to unexpected failure of aircraft
components due to the expiry of parts, inefficiencies
linked to maintenance operators, etc. This type of
maintenance is invariably too late in the process for
maintenance operators to avoid aircraft damage.
That led maintenance operators to use software for
aircraft components, however, EASE part 145
(ICAO appendices 1 to 8) recommends that
maintenance operators should not use sensors or
software that might affect or compromise aircraft
safety [13].

Maintenance planning consists of many
protocols that operators should follow. The key
problem for MRO companies is unscheduled
maintenance which is caused by aircraft damage.
During the repair process, the maintenance operators
will evaluate the damage to the aircraft and then the
MRO Company will order the components needed.
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These conclude unscheduled maintenance and
human resources are significant problems that
impact the operation of MRO organizations [14].

Furthermore, aircraft maintenance checklists
involve all aircraft details including location of spare
parts and aircraft assembly/disassembly points. This
can be a lengthy process causing aircraft
maintenance scheduling challenges due to the
complexities associated with routing that includes
long-term and maintenance capacity planning [15].
Maintenance schedule is also affected by the
availability of manpower during the aircraft checks,
which is considered in the next section.

3.3 Manpower

To ensure that a correct and consistent strategy
for aircraft maintenance scheduling is adopted, the
skills of operators must be developed to deal with
the maintenance schedule effectively. Aircraft
maintenance companies recommend that in order to
focus on an optimal training schedule, maintenance
operators should be trained twice a year in different
seasons to avoid any weaknesses in operators’ size
and improve their knowledge [16].

Work-hours per check are also considered by
aircraft maintenance companies as part of their
maintenance system planning. One of the critical
issues facing a maintenance system is that different
maintenance checklists make it difficult to control a
maintenance system, especially for several
maintenance operators. It is also difficult for MRO
companies to accurately estimate the number of
operators needed to work in the company. For
example, heavy service maintenance for a B727
aircraft takes around 14 days, if there are 48
maintenance operators available, while the same
number can repair or service a Fokker F27 aircraft
in four days [17].

Operator knowledge is a crucial element of the
aircraft maintenance system, as this may affect
MRO companies’ operations resulting in
maintenance delays and technical issues. The
increasing number of aircraft components is
becoming a significant problem for maintenance
operators, bringing sharply into focus the value of
such knowledge [18]. Maintenance costs and the
demands of safety requirements necessitate that
aircraft maintenance companies have multi-skilled
operators to deal with aircraft maintenance problems
(i.e. the maintenance schedule). Managers can help
in this regard by directing maintenance operators
(based on their skills) and splitting the maintenance
task down into several parts, thus enabling operators
to choose those parts/tasks they are familiar with.
However, operators may face multi-task and multi-

project environments that affect the maintenance
project strategy [19]. Moreover, employers who
have responsibility for aircraft maintenance tasks
could encounter scheduling problems because
operators work under multiple work orders and
environmental conditions [20]. As timing becomes
critical, the outcomes of overall maintenance work
therefore could be significantly reduced or increased
depending on the level of technical ability. That led
authors to turnaround factor which is considered in
the next section.

3.4 Turnaround time

MRO systems involve labor, knowledge
requirements, and material equipment organizing
aircraft components in the order of 12,000 units that
must be supplied, causing the turnaround time factor
[21].

At the other end of the spectrum, aircraft
operation types can be categorised into long-haul or
short-haul operation; the latter takes around 25
minutes. In contrast, long-haul flights take around an
hour to service maintenance inspection, and because
there is a short time between an aircraft’s arrival and
its departure, this can cause a turnaround time
problem [22]. With regards to terms of the short time
between an aircraft’s arrival and its departure, the
maintenance team need to build a strategy that
involves arrival information (i.e. maintenance issues
on previous similar planes and type of maintenance
inspection check) as this can be a lengthy process. In
addition, safety requirement rules recommend that
maintenance operators do not walk around the plane
for maintenance inspection until the engines have
been completely shut down and cooled down,
implying a serious safety risk. Requirements such as
this can impact the turnaround time factor which in
turn affects maintenance providers’ and airline
operators’ strategies [23].

Furthermore, maintenance check types can cause
turnaround time factors like line maintenance. In
fact, maintenance operators may service around 20
aircraft or more in half an hour or an hour, which
means that operators are rushing to prepare
maintenance checklists for various aircraft. In trying
to meet all maintenance demands, this can lead to
two fundamental problems: maintenance costs for
airline operators and maintenance scheduling
problems for maintenance operators [24].
Maintenance checklist includes line and A, B, C, D-
type of checks. During the typical lifespan of an
aircraft, it is not uncommon for aircraft to go through
nearly 3000 tasks and checks as part of its overall
maintenance. If maintenance operators lose 15
minutes during A-checks, this can amount to around
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one-month of delays for each aircraft, which in turn
causes aircraft turnaround time factor problem [25].

4 . Analysis and Discussion

According to previous studies, there were factors
which affected MRO operation, based on their
analyses and methodologies. Based on this, this
section includes four sub-sections highlighting the
most relevant issues affecting MRO companies’
operations (OEMs, maintenance  schedule,
manpower, turnaround time and flight delays). This
data is presented in the following sections and tables
along with the number of authors who mentioned
these factors.

4.1 OEM suppliers and aircraft maintenance
schedule.

Table 3 shows two key factors which were
highlighted by researchers and found to affect MRO
scheduling (40.13%) when compared to others.
Most authors from this research used models to
discover maintenance schedule problems, while
interviews and model methods were used to collect
information pertaining to OEM suppliers.

Table 3. OEM suppliers and aircraft maintenance schedule.

Factors Case  Models Interviews Simulation
study

#1 2 5 5 2

#4 3 11 2 3

Table 4 addresses two factors linked to
turnaround flight; around 15 papers show that these
factors can affect the MRO operations. Furthermore,
researchers use different methodologies to evaluate
their research, and the models were more common
in their study.

Table 4. Flight delays and turnaround time.

Factors Case  Models Interviews Simulation
study

#3 3 3 0 0

#5 1 4 1 1

Table 5 involves one factor that is trying to
ascertain whether there is a major problem that
might affect MRO operation; it is important to know
how maintenance operators are dealing with aircraft

maintenance. The keyword was the authors' used
interviews method for manpower.

Table 5. Manpower.

Factors Case Models Interviews Simulation
study

#2 1 2 3 0

4.1 Investigation methodology of individual factors
4.1.2 Manpower

Table 5 presented the manpower factor that
could have a direct impact on MRO company
operations. This factor can cause by three elements:
parking space, time consumption and skills [16,19].
As timing becomes critical, the outcomes of overall
maintenance work therefore could be significantly
reduced or increased depending on the level of
workforce competence and technical ability (i.e.
workforce performance). Most MRO companies
have an expectation that reduced maintenance costs
can be linked to the efficiencies in manpower
performance during the maintenance period [17,18].

There are therefore several areas to consider in
this field, whilst also being mindful of identifying a
useful research gap that is likely to add value and be
of relevance to the existing body of previous data. In
another area, previous data gathered from the
literature review showed that researchers used the
interview method to collect data; a strategy that may
not have been useful because research questions
may be unstructured. The other possibility was that
participant answers might have been random or
based on the current situation at their organization
and, therefore, MRO companies’ maintenance
operation strategy might not develop. Only one case
study method carried out by researchers for
addressing human resources affect MRO operation
that is inefficient analysis to say human resources
can affect maintenance strategy. One of the key
problems facing maintenance companies is to
determine and correctly allocate the number of
maintenance operators needed to service aircraft. In
contrast, three interviews method carried out by
researchers for addressing manpower effect MRO.
MRO companies can impact their maintenance
schedule by manpower, which can reduce or
increase the turnaround time of an aircraft. In
addition, flight delays caused by maintenance
operators due to their level of skills, knowledge and
any apparent weaknesses in training can also affect
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the profitability of airline companies. Hence the
importance of having good, knowledgeable staff.
This performance can be affected however, when
operators require multi-task projects that will test
different areas of expertise from MRO companies,
which will affect the latter’s maintenance project
strategy.

4.1.2 Fight delays and turnaround time

Table 4 presented flight delays and turnaround
time factors because most MRO companies’
strategies are aimed at reducing time-consuming
tasks for the aircraft maintenance process. Linked to
the issue of time, reduced flight delays as a result of
efficiencies in the maintenance process can help to
lower airline operating costs [22]. Mathematical
models can be used to estimate the impact of such
factors based on flight hours, flight cycles and
calendar days to calculate the number of flights. One
possible approach for achieving a successful
maintenance program is to divide maintenance tasks
into six stages and map them [21,23,25]. This may
not always be possible or practical if airline
companies have a large number of aircraft, further
sub-divided into aircraft types. That means
researchers will need to adopt a case study method
to examine this because having many aircraft in an
airline company means a large volume of
maintenance reports being available to researchers.
However, researchers did not use interview methods
for their research.

The large volume of maintenance reports,
aircraft types and a large number of aircraft
contribute flight delays and turnaround time. Such
factors make the need to explore potential solutions
for optimal maintenance strategies focused on
efficient scheduling paramount, particularly if MRO
companies and aircraft operators wish to avoid flight
delays. Moreover, the daily pressures involved with
adhering to maintenance checklists and meeting
time deadlines for maintenance can exacerbate flight
delays and the issue of aircraft maintenance
schedule problems. Most existing research to date
has not considered simulation model in their studies,
hence the importance of having a simulation method
to solve the maintenance schedule. Because the
competitive pressures in the civil aviation sector and
general levels of demand for air travel, the increase
in the number of flights scheduled per day and flight
turnaround times becoming shorter will help to
guide this research (simulation method) in terms of

exploring potential solutions for optimal
maintenance strategies focusing specifically on
scheduling to avoid flight delays.

4.1.3 OEM suppliers Vs maintenance schedule.

The literature review showed that 40.13% of
research papers presented OEM suppliers and
maintenance schedule as the most relevant factors.
Most operation problems for MRO companies stem
from maintenance scheduling and OEM suppliers as
these problems can lead to an increased number of
flights scheduled per-day. This drives airline
operators to carry out maintenance servicing based
on aircraft checklists [6,7]. Tables 3 and 4 have
shown that researchers relied on using the model
method over other methods. It can be inferred that
using a model to approach this problem is the best
way forward. However, researchers tend to base
their models on old data, so this may affect their
findings.

The key to unscheduled maintenance problems
lies with the OEM supplier because maintenance
operators do not always envisage unexpected
maintenance, which means operators have to spend
time scheduling aircraft for maintenance, which in
turn means waiting for spare parts to be delivered
[9,12,15].

Based on the analysis conducted in this study, a
problem was observed with how researchers
highlighted OEM suppliers affecting the operation
of MRO companies because Tables 3 and 4
highlighted how some of the researchers used the
interview method to determine OEM supplier
problems which meant they gathered/compiled data
based purely on the operators’ opinion. As this view
only provides one side of the issue, it could be
argued that it is not correct to state that OEM
suppliers solely affect MRO organizations’
operations because sometimes the problems
associated with spare parts delivery could actually
be caused by MRO operators themselves due to
factors such as budget and the type of spare part
being requested.

Notwithstanding all of the above, the use of a
model method in research might not help MRO
companies’ strategy when it comes to client
requests, and it is clear that unexpected aircraft
component failure is hard to analyze precisely using
a model. This may explain why researchers used a
simulation method. This method was based on types
of maintenance checks by collecting real-data from
the engine and then creating a simulation method
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that might help operators anticipate failures at the
right time. However, the FAA, ICAO and EASA
have cautioned against maintenance companies
using technology as a basis for anticipating aircraft
component failure [16]. Furthermore, the simulation
systems used by researchers may not be sufficiently
precise due to them working at different operating
conditions.

From the literature reviewed, researchers used
the case study method to collect data, especially to
identify OEM suppliers’ problems. Using a case
study on just one or two airlines however, may not
represent a useful methodology for MRO companies
in terms of helping them to improve their
maintenance strategy because fleet size was not
considered.

4. Conclusion and he future research

Maintenance, Repair and Overhaul (MRO)
within the aviation industry may be a complex task
due to different requirements should be required
during overflying stops. The aircraft visit various
maintenance checks rely on the time of the upkeep
checklist, which incorporates heavy maintenance or
line maintenance. Per aircraft manufacturers that
maintenance checks determined by flight hours,
flight cycle and calendar months. That led
maintenance operators to create their new strategy
aims to cut back cost by specializing in a
maintenance schedule and unscheduled, by
developing the upkeep strategy for hosting aircraft
in shorter maintenance periods that would reduce
maintenance cost.

MRO companies faced some factors affect MRO
operation, like manpower factor, which can be
reduced or increase turnaround time of an aircraft.
Flight delays can be caused by maintenance
operators because their skills, knowledge and
weakness of training could reduce the airline
companies’ profit. That is why some of the airline
companies tend to have their own MRO service.

A significant result of the study is unexpected
aircraft components failure that determines
unscheduled maintenance. This action increase the
maintenance cost for airline operators and time
pressure for MRO providers. Furthermore, another
factor is OEM suppliers’ performance and capability
of supply the spare parts and material on time
without delay when MRO companies request
maintenance requirements. The key point which
might cause the delay factor is time spending to
design one element of aircraft spare parts.

The risk of outsourcing maintenance still as one
of the factor affect safety requirement, and OEM
organization, OEM suppliers and MRO companies
should follow safety requirements and be aware of
these requirements.

The future research should focus on maintenance
schedule problem on the light check, A-check and
B-check by using Discrete Events Simulations to
develop a framework. Because increasing the
number of flight schedule per day and flight
turnaround is short within less duration time for
maintenance process that helps authors to build
maintenance strategy for scheduling to avoid flight
delay factor.

Moreover, the duration of the turnaround process
of an aircraft build based on the type of flight
operation that is a crucial point for researchers to use
a model to expect the number of operators need for
serving the aircraft.
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